Abstract-Strains of Azotobacter mediate in the nitrogen fixation process by reducing of N 2 to ammonia. In this study, 50 strains were isolated from different rhizospheric soil in central Iran, by using soil paste plate method. These strains were biochemically identified and characterized on differential LG medium based on morphological and physiological properties. Results obtained showed that identified strains were belonging to three species, namely A. chroococcum, A. vinelandii and A. beijernckii. In order to molecular analysis, the 16S rRNA gene was amplified using 27f and 1495r primers and PCR products were subsequently restricted with RsaI, HpaII and HhaI. Cluster analysis based on amplified ribosomal DNA restriction analysis were revealed intraspecific polymorphism and differentiated strains into two mains clusters, clusters A and B. Cluster A strains were related to the A. vinelandii, whereas cluster B strains were related to the A. chroococcum and A. beijerinckii. The results show that amplified ribosomal DNA restriction analysis is a powerful and dis criminatory tool for the identification of members of the genus Azotobacter.
INTRODUCTION
Among the soil bacteria, Azotobacter is remarkable due to the ability to nitrogen fixation. The process comprises the reduction of N 2 to ammonia [1] .
Azotobacter is one of the members of Azotobacter aceae family, from γ subclass proteobacteria, which is capable of fixing atmospheric nitrogen [2] . This bacte rium can fix at least 10 mg N per gram of carbohydrate. The ecological distribution of Azotobacter spp. is a complicated subject and is related with diverse factors, which determine the presence or absence of this bac terium in a specific soil. It has been shown that the soil characteristics and climate conditions affect the distri bution of this; it includes organic matter content, moisture, C/N relation and pH [3] .
Molecular phylogenetic analysis of 16S rRNA gene has indicated that the Azotobacter consist of seven spe cies, namely A. chroococcum, A. vinelandii, A. beijer inckii, A. paspali, A. armeniacus, A. nigricans and A. salinestris [4, 5] .
Azotobacters are found in many environments such as soil, water, surfaces of roots and leaves. Further more, some species appear in the tropical and polar regions. Their frequency is different in various soils. They are frequent in neutral to alkaline soils and rarely found in acidic soils [6] . 1 The article is published in the original.
The other beneficial effects include the ability to produce exopolysaccharides [7] , and antagonism against phytopathogenic microorganisms by produc tion of siderophores, antibiotics and hydrogen cya nide, solubilization of mineral phosphates [1] and capability to synthesize of phytohormones [3] .
The analysis of soil microbial diversity is relevant to define soil quality. Polyphasic taxonomical studies, which include phenotypic, genetic and phylogenetic information, have been widely used techniques such as gene sequencing and restriction fragment length poly morphism (RFLP) have been used. The sequence of the 16S rRNA gene has been widely used as phyloge netic marker in microbial ecology, since the extent of divergence in the sequence of this gene provides an estimate of the phylogenetic distance existing between different species [8] . RFLP is used to identify the dif ference of DNA fragment length (polymorphism) by digesting with restriction enzymes. RFLP analysis on 16S rRNA gene or amplified rhibosomal DNA restric tion analysis (ARDRA) is a useful technique for geno type identification, to infer genetic variability and sim ilarity of microorganisms [9] .
The present study, was performed in order to ana lyze Azotobacter diversity in the different cultivated regions of central Iran that has not been reported pre viously. Bacterial strains were first isolated from soil and then identified by amplified ribosomal DNA MAZINANI, ASGHARZADEH restriction analysis (ARDRA), both to detect the spe cies variability and to exhibit the potential of ARDRA technique for characterization and differentiation of Azotobacter at the genus and species levels.
MATERIALS AND METHOD
Soil Sampling In the present study, soil samples were collected both from different cultivated and uncultivated regions in central Iran. Soil samples, were taken at a depth of 10-30 cm below the surface, and transported from the field to the laboratory in sterile vials. All soil samples were sieved (4 mm mesh size) to remove stone and small soil particles, and pH contents deter mined using pH meter.
Isolation and Identification of Azotobacter Strains
Isolation of Azotobacter was performed using the soil paste plate method [1] . According to this method, about 30-50 g of each soil sample is mixed with about 0.5-1.0 g of mannitol, 0.5 g of CaCO 3 , 0.12 mL of 10% aqueous K 2 HPO 4 solution, 0.12 mL of 10% aque ous MgSO 4 solution. Some extra distilled water is also added in order to obtain a soil paste. The soil paste was transferred into a plate, and the surface of the soil was nearly smoothed with a sterile spatula. The samples were incubated at 27-30°C for 7 days. Brown, glisten ing, slimy Azotobacter colonies grew on the soil sur face. Subsequently, brown spots of soil paste surface were placed on Jensen's medium containing (per 1): 20 g sucrose, 1 g K 2 HPO 4 , 0.5 g MgSO 4 ⋅ 7H 2 O, 0.5 g NaCl, 0.1 g K 2 SO 4 , 0.005 g Na 2 MoO 4 , 20 g agar and 50 mg cycloheximide as the fungal growth inhibitors with pH 6.9. Azotobacter like colonies were growth after three days incubation at 27-30°C, and were purified by repeated streaking on the same medium. After subculturing, pure strains were selected assum ing biochemical characteristics as described in Bergey's Manual of Determinative Bacteriology [4] . Strains were cultured in order to colony morphology, growth ability, pigment production and acid produc tion on N free LG medium [10] containing bro mothymole blue as pH indicator. The isolated strains were used for DNA extraction. All the strains were stored at -80°C in the LG broth medium with 50% (w/v) glycerol.
Total DNA Extraction
Extraction of total genomic DNA was carried out by alkaline lysis method [11] . The strains were cul tured on the nutrient agar at 28°C for two days. A loop full of cell was suspended in 100 μL of sterilized ultra pure water. 100 μL of 0.05 M NaOH was added to every above suspension and was inverted for two min utes. The cell suspension was boiled in water for 15 min and centrifuged for 2 min at 13000 rpm.
Finally, the supernatant was transferred to a new sterile tube and was stored at -20°C for following usage.
Amplified Ribosomal DNA Restriction Analysis (ARDRA)
The universal primers 27 f and 1495 r [12] were used for PCR amplification of 16S rRNA gene, which allowed the amplification of an approximate 1500 bp fragment. PCR amplification was carried out in 25 μL reaction volume containing 2.5 μL PCR buffer (10×), 2.5 μL dNTPs (2 mM), 0.5 μL of each primer (5 μM) (purchased from MWGH Biotech, Ebersberg, Ger many), 0.5 μL Taq DNA polymerase (1 U μL ). The PCR program was carried out under the following condition: 94°C for 4 min fol lowed by 35 cycles of amplification (1 min of denatur ation at 95°C, 1 min of annealing 62°C, 2 min of extension at 72°C). After the final cycle, the amplifi cation was extended for 15 min at 72°C. All PCR reac tions were repeated at least three times in order to con firm the results. 10 μL of each PCR product were sepa rated on 1.5% (w/v) agarose gel, in the 1× buffer (0.09 M Tris base, 0.09 M sodium borate, 2.5 mM EDTA, pH 8.3) for 1 h at 85 V. A 10 μL aliquots of the PCR product were digested with 5U of restriction endonu cleases [13] RsaI, HpaII and HhaI (MBI Fermentas), at 37°C for 5 h in a final volume of 30 μL, as recom mended by the manufacturer. The digests were run by electrophoresis on 2.5% (w/v) agarose gels in 1× TBE buffer for 2.5 h at 75 V. The gels were stained in ethid ium bromide (0.1%) for 30 min, and restriction pat terns were visualized with UV transilluminator and photographed on a thermal paper type UPP 110S. For normalization of fragments, a 50 bp DNA size marker was used (Amersham, Sweden) and analyzed with UVIDoc software ver. 99.02.
Statistical Analyses of ARDRA Patterns
Restricted fragments greater than 50 bp were scored in the binary data matrix form, assuming the presence (1) or absence (0) of each band. The similar ities between patterns of the band were calculated by using Simple Matching correlation coefficient, and the cluster was constructed using the unweighted pair group method with arithmetic mean (UPGMA) [14] clustering along with the NTSYS PC software version 2.02 [15] .
The genetic diversity (H) was calculated using the Shannon Weaver index
where H is the genetic diversity, x i was referred to the number of strains in each group, and x 0 was indicated to the total number of strains [16] .
RESULTS

Soil Sampling
Since presence of Azotobacter in the soil is highly influenced by the pH value, and their populations increase in soils with pH above 6.5 [6, 17] , pH values of soil samples collected measured that showed pH values within the range 7.0-8.5 and were therefore used for Azotobacter isolation (Table 1) .
Isolation and Identification of Strains
Colonies were represented the appearing of brown, glistening and slimy on the soil paste surface after they were incubated for 3-7 days and were purified on the Jensen's medium. Afterwards, the strains were studied based on morphological, biochemical, microscopical characterization [4, 18, 19] , and culture through the LG medium [20] . The strains could grow in LG medium, and dark brown and yellow green colonies were formed on the medium. The biochemical studies revealed that all 50 strains of genus Azotobacter could grow in a nitrogen free medium. Becking [1] showed that Azotobacter spp. fix molecular nitrogen in a nitro gen free or nitrogen poor medium in air, but also under reduced oxygen pressure. Cyst formation was tested on Azotobacter strains. As expected, cysts are formed in older cultures grown with sugar as carbon source. Tchan et al. [2] observed that in some species, a medium containing butan 1 ol as organic substrate (0.1-0.2 mL is added prior to pouring of the agar plates) increases cyst formation. As showed ( (Table 2) . However, our findings showed that populations of the other Azotobacter species might be low in rhizosphere, so they could not be isolated and identified with the procedure used.
ARDRA and Data Analysis
The 16S rRNA genes of 50 strains were PCR amplified using the universal primers of 27f and 1495r and produced a 1500 bp fragment. The endonucleases of RsaI, HpaII and HhaI were used for restriction of PCR products, and minor divergent restriction pat terns were generated, were selected based on the experiments previously performed by Aquilanti et al. [13] . The size of digested fragments obtained of each enzyme were summed up together and compared with the size of the undigested fragments (1500 bp). A little difference was observed due to production of restriction fragments smaller than 50 bp that are undetectable.
The analysis of restriction patterns generated by ARDRA revealed different bands within Azotobacter spp. strains. According to the outcomes obtained, 2, 5 and 9 different restriction patterns were produced for RsaI, HpaII and HhaI, respectively. The restriction pat terns obtained of each enzyme were entitled by small letters ( Table 3 ). The restriction patterns were used for classification of strains into 16 different ribo groups. The tested strains, belonged to three species A. chroococcum, A. vinelandii and A. beijerinckii which were called abbreviately Ac, Av and Ab, respectively. The presence of a large number of polymorphic bands, when using the same endonucleases demonstrates that there are differences within the sequence of the 16S rRNA gene and therefore, there is a large genetic diversity in the tested bacterial strains. This showed that the same pattern in the restriction profiles obtained with the three restriction enzymes had 100% similarity, thus suggesting that the same strains may belong to the same taxon [8] . Amos and Harwoud [21] mention that there could be many factors related to the genetic diversity in a population, for example, the site of origin of the strains as well plant crops.
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Cluster Analysis The obtained dendrogram, showed that the tested strains were placed in two main clusters based on a genetic distance of 0.4.
The cluster A comprised 17 strains of A. vinelandii and cluster B comprised 23 strains of A. chroococcum and 10 strains of A. beijerinckii (Fig. 1) . Cluster A included six ribogroups I, II, III, IV, V and VI that included 4, 1, 3, 4, 3 and two strains of A. vinelandii, respectively. This cluster comprised 34% of the tested strains. Cluster B contained ten ribogroups VII, VIII, IX, X, XI, XII, XIII, XIV, XV and XVI that ribogroups VII, X, XI, XIII, XV and XVI, including, 3, 5, 3, 4, 2 and 6 strains of A. chroococcum, and ribogroups VIII, IX, XII and XIV, including, 2, 3, 2 and 3 strains A. beijerinckii, respectively. This cluster comprised 66% of the tested strains, which 46% related to A. chroococcum and 20% to A. beijerinckii.
Among the endonucleases RsaI, HpaII and HhaI, used to identify the 16S rRNA genetic variation of the strains, only the enzyme HhaI could discriminate the strains, while the other two endonucleases produced a low number of restriction patterns. As showed (Fig. 2 ) the enzyme RsaI produced two different restriction patterns. All the present Azotobacter species generated the different restriction pattern a 1 , while Av12, Av39, Av43, Ac20 and Ac32 generated the restriction pattern b 1 . Therefore it is suggested that RsaI is not suitable to be utilized in the genetic variation study of Azotobacter strains. Restriction analysis of the 16S rRNA gene of the Azotobacter strains with HpaII allowed to obtain five different restriction patterns (a 2 , b 2 , c 2 , d 2 , e 2 ). A. vinelandii strains produced the restriction patterns a 2 and b 2 , while c 2 , d 2 and e 2 restriction patterns are common to the species A. chroococcum and A. beijer inckii (Table 3) .
Results obtained onto studied strains indicate that enzyme HhaI produced a total of nine different restriction patterns (a 3 , b 3 , c 3 , d 3 , e 3 , f 3 , g 3 , h 3 , i 3 ) , 2 of which, h 3 and g 3 , specific for A. beijerinckii (Table 3) and showed the highest level of resolution within the Azotobacter strains. As reported (Table 4) within the strains tested, A. beijerinckii showed the lowest diver sity (H = 16.09) and the highest level of diversity belonged to A. vinelandii and A. chroococcum. It might be supposed that A. beijerinckii would favor somewhat acidic soils [1] , while the studied soil samples were alkaline. In this study, 50 Azotobacter strains which belong to three species A. chroococcum, A. vinelandii and A. beijernckii were isolated from soil in regions of cen tral Iran. They were identified by biochemical tests and examined by using the ARDRA analysis.
Amplified ribosomal DNA restriction analysis (ARDRA) is a technique to study 16S rRNA gene fragments that are generated by restriction enzymes. This technique has been utilized for genetic studies and diversity analysis of many bacteria such as Mycobacte rium [22] , Streptococcus and Enterococcus [23, 24] .
In the present work, we suggest a triphasic method for Azotobacter spp. isolation and identification. The first step was the preparation of soil paste plate and transferring brown blots obtained on Jensen's medium to be used for isolation of Azotobacter strains of soil. Aquilanti et al. [20] demonstrated that this method is extremely useful for a preliminary screening of soil samples allowing those containing N fixing bacteria to be recognized and subsequently used for isolation. Moreover, the following streaking and incubation on Jensen's medium [19] permit a rapid individuation of slimy and glistening Azotobacter like colonies.
At the second step, strains were identified by using biochemical characteristics and culture on differential LG medium in order to observe of morphology, con sistency and pigmentation of the colonies. Besides, the presence of a pH indicator permitted the individua tion of the Azotobacter acidifying strains.
At the latter step, results were confirmed by ARDRA, the amplification of 16S rRNA gene using universal primers of belonging to Azotobacter genus Table 2 .
Vol. 48 No. 5 2014 and digestion of PCR products with restriction enzymes RsaI, HpaII and HhaI. In this study, the digestion of 16S rDNA gene of Azotobater strains by RsaI produced 3 to 4 bands for each strain (Fig. 2) . Genetic diversity of Azotobater strains as showed by this enzyme was very low. The best reason for this condition was that the strains had the same digestion regions in their conserved site.
The use of HpaII and HhaI on strains led to the dif ferentiation between the present Azotobacter species. It is in agreement with the obtained results by Aqui lanti et al. [13] and Tiedje et al. [25] which evidenced that HpaII and HhaI gave the greatest differentiation on the basis of phylogenetic analysis of soil microbial communities, and by Moyer et al. [26] which described HhaI as a suitable tool for the detection of bacterial taxa.
However, our results indicated that utilization of RsaI, HpaII and HhaI on Azotobacter strains were not sufficient for their clear identification. It is likely due to the presence of restriction sites on the rRNA gene or to the presence of the gene alleles that are different in sequences and place on a single genome, as reported by Vaneechoutte et al. [27] .
This work has also revealed that some strains were closely related and grouped each other as showed in the dendrogram (Fig. 1) . Strains in the same restric tion patterns according to the ARDRA profile would appear in different groups in this dendrogram. It could be due to the difference of the techniques of analysis. For instance, Av12 and Av31 were closely related to each other as revealed in the dendrogram, but these two strains were different from each other in the restriction profile (Fig. 2) . Av12 belongs to the ribo group II, whereas Av31 belongs to the ribogroup I. Therefore, we have to study the strains utilized the complete set of enzymes for identify them in terms of cluster analysis and consider whether this molecular technique could reveal the data obtained by ARDRA.
Among the genus Azotobacter, A. chroococcum and A. vinelndii clustered at a 0.5 genetic distance. It is in accordance with the result of De Smedth et al. [5] that were indicated A. chroococcum and A. beijerinckii are the closest species.
